SPEC I F I CATIONA NION ADSORBING CARBON 

MATERIAL, AS WELL AS MANUFACTURING METHOD AND 
MANUFACTURING FACILITIES FOR SAME 

BACKGROUND OF THE INVENTION 
Techn i cal 1- Field of the Invention. 
[0001] 

This invention relates to an anion adsorption carbon material for adsorbing anions 
such as nitrate ions and fluoride ions, as well as a manufacturing method and a-manufacturing 
facilities for the same. 
2. Description of Related Art. 

[0002] 

Background Art 

Contamination of a-water quality and soil by heavy metals, agricultural chemicals 
and-ae organochlorine compounds has become a problem in that it destroys the environment. 
Though these harmful substances can be adsorbed and removed with adsorbents such as activated 
carbon and a zeolite, it is presently difficult to treat nitrate nitrogen, nitrite nitrogen, fluorine, 
arsenic and cyan which exist in the form of anions with adsorbents. 
[0003] 

That i s to say. nitmto Nitrate nitrogen and nitrite nitrogen are usually included in 

fertilizers used in tea fields, turfs for golfing and the like, and have become a factor in ground 
water contamination, which is presently a large problem. This is because nitrate ions and nitrite 
ions have ajiegative charge and do not become = an i insoluble salt by combining with other 
chemical substances, and therefore, very easily washo s w ash out from negatively charged soil. 
Thus, theMe fralthough measures against the above described problem are frequently r equired, 
there ar e practical limitations, such that anaerobic conditions are required in biological treatment 
where, for example, denitrifying bacteria are used to remove nitrate ions and nitrite ions, and in 
addition, there are similar limitations with other methods . Thus , and-no completely effective 
measures have been found. On top of this, recently, it has come to be believed that nitrate 
nitrogen and nitrite nitrogen are possible environmental hormones. 
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[00041 

In addition, fluorine is included in wastewater from semiconductor factories, glass 
factories, plating factories and the like, and tfreue fralthough a method for adding calcium 
compounds to fluorine in industrial wastewater so that the fluorine can be removed in the form of 
calcium fluorine ishas been used, further installation of adsorption towers having an anion 
exchange resin for active alumina and fluorine is required, thereby r aising the cost. In addition, 
expensive dedicated anion exchange resins are required in order to meet th egovernmental 
re gulations such as a Japanese environmental standard of 0.8 mg/L. Furthermore, expensive 
anion exchange resins are separately required for treating arsenic, cyan and the like— which are 
i ncludod also found in industrial wastewater and ground water. 
[0005] 

As described above, no inexpensive material for adsorbing anions including nitrate 
ions as that-described above have been found at present, and therefore, contamination by these 
anions tefidstend to spread, and once the environment is contaminated by anions as described 
above, high cost becomes necessary to restore i t. Potent Documont 1: . see Japanese Unexamined 
Patent Publication H10 (1998)-165824 

SUMMARY OF THE TNVRNTION 

[0006] 

D i sc l osuro of tho I nvention 

Prob l em to be Solved by the I nvention 

Therefore, inexpensive and environmentally friendly anion adsorbing materials hove 

boon Gouah t are needed . Though charcoal, which is a representative porous material, together 

with activated carbon, is widely used as a humidity controller, tive fwater purifier and soil 

conditioner, and is used for removing chlorine based gases and sulfur oxides in waste gas, for 

example, it simply uses the adsorptive properties of micro pores inside the p orous carbon 

materials, in the same manner as activated carbon, and nitrate nitrogen, nitrite nitrogen, fluorine, 

arsenic, cyan and the like which exist in the form of anions are barely absorbed. 
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[0007] 

ThtsQur invention is prov i ded takina has taken the above described situation into 

consideration, and iti^an object thereof is-to provide an anion adsorbing carbon material which 
is inexpensive, environmentally friendly and excellent in the— anion adsorption, as well as 
providing a manufacturing method and a manufacturing facilities for the same. 

[POPS] 

Means for Solving tho Problem 

ThenT hs present inventors examined the anion absorbing performance of a material 

gained by contacting a solution including calcium ions (it is desirable for calcium ions to be 

included mainly as cations), for example, a solution Isuch as l ime water) or ^suspension (of milk 

of lime) of a calcium hydroxide with a raw material which comprises plant(s), in advance, that is, 

before carbonizing this material, so that Ca (calcium) is introduced into this material , after that, 

carbon i zing. The impregnated material is then carbonized so that this material into which Ca 

has been introduced and contacting the eame dresultant charcoal^ into which Ca has been 

introduced^ with an acid such as HC1, H2SO4 or the like, and as a result, found that the 

matcr i a l resultant product had excellent anion adsorption ability. In addition, in this case, 

wastewater iscan^he treated simply by neutralizing the acid, which is environmentally friendly. 

[0009] 

As thea solution including calcium ions, a calcium acetate solution, a calcium 
chloride solution and the like can be eitedused, in addition to lime water and milk of lime, an4-a 
solution including 0.03 weight % to 30 weight % of calcium, preferably 0.1 weight % to 7.0 
weight %, is appropriate. 
[0010] 

As thea method for contacting the solution including calcium ions with the above 
described material originating from plantfsV such as a plant material of one or of a plurality 
of mixed plant material, by dripping, application, spraying, atomizing or the like of the solution 
including calcium ions is possible, and immersion of the above described material in the solution 
including calcium ions is most efficient. In addition, as the& method for contacting the acid 
solution with the carbonized material, dripping, application, spraying, atomizing or the like of the 
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acid solution is possible, and immersion of the carbonized material in the acid solution is most 
efficient. 

[0011] 

Thus, a manufacturing method for an anion adsorbing carbon material accord i ng to 
C l aim 1 is can he characterized in that a raw material which comprises plant(s) is contacted with a 
solution including calcium ions, and after that, is processed to he carbonized, and subsequently, 
contacted with an acid solution. 
[0012] 

In addition, a manufacturing method for an anion adsorbing carbon material 
accord i ng to C l aim 2. tha t is provided. That is, another aspect of the invention T is characterized 
in that a raw material which comprises plant(s) with which a solution including calcium ions 
have heen^contacted is Jhen carbonized and the carbonized material is contacted with an acid 
solution. 

[001.11 

Furthermore, a manufactur i ng method for an anion adsorb i ng carbon matorial 
according to Cla i m 3, that i G, ot ill another aspect of the invention T is characterized in that a 
carbonized material gained by carbonizing a raw material which comprises plant(s) with which a 
solution including calcium ions have heen^contacted is contacted with an acid solution. 
[0014] 

As the hasgjnaterial originating from plant(s) in this invention, though any plant 
eaft£aiild be applied, a material of one or more from among natural fibers and ligneous materials, 
which makes the carbonized material of the above described material porous, is desirable, and 
any type of ligneous material, such as thinning, lumber and waste wood, as well as natural fibers 
such as hemp, can be cited as examples. In the case where a solution (for example, lime water or 
milk of lime) barely including anions (for example, chloride ions) that can be ion exchanged with 
anions that are the object of adsorption and including calcium ions is^n^fi used as the solution 
with which the above described material is contacted^ 
[001 5] 

However, it is desirable for the above described material to be a material where 
innumerable particles of a calcium compound having a diameter of no greater than 100 nm are 
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A 



formed in the micro pores of a carbonized material when the material is carbonized after calcium 
has been introduced, and concrete l y, it is preferable to use ligneous chips of a size of no greater 
than 10 mm gained by processing a conifer, such as Japanese cypress or cedar having iJiigh 
water absorbency. 
[0016] 

In addition, in the case where a solution (for example, a calcium chloride solution) 
including both anions (for example, chloride ions) which can be ion exchanged with anions that 
are the object of adsorption and calcium ions is used, it is desirable for the solution to easily soak 
into the above described material when the material is immersed in the solution, and concroto l y, it 
is preferable to use ligneous chips of a size of no greater than 50 mm gained by processing a 
conifer, such as Japanese cypress or cedar having high water absorbency. 
[00171 

Furthermore, whichever solution is used, bamboo, sawdust, chaff, coconut palm, betel- 
nut palm, jute and straw can be used as the material originating from plant(s). In addition to 
these, agricultural waste, such as peels and pulp from mandarin oranges and apples, can be cited 
as the above described material originating from plant(s). In addition, the portion of plants 
having conductive tissue (vessels, tracheids and sieve tubes) are particularly preferable as the 
material originating from plant(s). 

[001 

In this invention, a solution including calcium ions, for example, lime water or milk 
of lime, contacts with a raw material which comprises plant(s). When the above described 
material is immersed in the solution including calcium ions, the solution soaks into the material, 
and thereby, chips into which Ca has been introduced can be aaifie 4prodiiced . 
[00194 

In particular, in the case where an alkali solution (for example, lime water) is used as the 
solution including calcium ions, as shown in Fig. 7(A), ligneous chips 2, which are an example 
of a raw material which comprises plant(s), can be immersed in and is contacted with lime water 
C, so that chips 30 into which Ca has been introduced [see Fig. 7(C)] can be gained, and this is 
considered to be because, as shown in Fig. 7(B), organic matter in ligneous chips 2 is dissolved 
in alkali, and calcium ions react with a certain component of ligneous chips 2. Here, it is 
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preferable for the solution including calcium ions to contain 0.03 weight % to 30 weight % of 
calcium, and it is more preferable for it to contain 0.1 weight % to 7.0 weight %. 
[0020] 

Next, in this invention, the gained chips 30 into which Ca has been introduced as 
described above [see Fig. 8(A)] are carbonized, and thereby, charcoal 31 into which Cahas been 
introduced (hereinafter simply referred to as Ca charcoal) is gained [see Fig. 8(C)], and it is 
considered that at this point during carbonization, organic matter in chips 30 into which Ca has 
been introduced [see Fig. 8(B)] decomposes due to heat, and at the same time, calcium ions 
deposit on the surface of the walls of micro pores in chips 30 into which Ca has been introduced 
[see Fig. 8(C)]. In this case, calcium ions deposit on the surface of the walls of micro pores in 
chips 30 into which Ca has been introduced [see Fig. 8(B)], and this is considered to be because 
calcium ions become of a microscopic and highly dispersed state, and thereby, many functional 
groups afe^asLhg drawn out from every comer in the walls of the micro pores. 
[0021] 

In th i s i nvention, a raw matorial wh i ch comprises ptant(s) which has boon contacted 

w i th a so l ut i on i nclud i ng calcium i ons is carbon i zed, and after that, an acid so l ut i on contacts w i th An 
acid solution can contact this carbonized material, and thereby, functional groups which have 
been drawn out form the walls of micro pores in the carbonized material are combined with 
anions which can be ion exchanged with anions that are the object of adsorption. As a result of 
diligent research, the present inventors found that more functional groups of the carbonized 
material can be generated during the process of carbonization by controlling the temperature and 
the time period . 

{00221 

That is to say, the present i nventors confirmed that in the case whore calc i um has 
contacted with a matorial as that d e scr i bed above i n advance, as in the i nvent i on according to Claim 
1 . and the mater i al i m material can be cooled naturally after thea temperature for carbonization of 
650°C to 750°C has been maintained-fer, for example, forjDne hour, more functional groups can 
be formed, in comparison with thea case where the material is cooled naturally after the 
temperature for carbonization of approximately 600°C or approximately 800°C has been 
maintained for one hour. In particular, when a material was contacted with a calcium and 
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carbonized at a temperature for carbonization of 650 °C to 750°C as described above, and 
observed through an electron microscope, a state where microscopic particles of the calcium 
compound fra tfwere deposited on the surface of walls of the micro pores as described above and 
were uniformly dispersed was observed. 
[0023] 

Meanwh il e. whon W hen the temperature for carbonization was approximately 600°C, 

a state where microscopic particles of a calcium compound did not sufficiently deposit on the 
walls of the microscopic pores as described above was observed. In addition, when the 
temperature for carbonization was approximately 800°C, though deposition of microscopic 
particles of a calcium compound on the walls of the micro pores as described above was 
observed, the state was such that there were many missing portions. As described above, 650°C 
to 750°C can be cited as tfr ea desired temperature range f or carbonization which is required for 
a calcium to draw out as many functional groups as possible from the walls of the micro pores in 
the carbonized material as described above. 

[0024] 

In this i nvention, a raw materia l wh i ch comprises plant(s) i s contactod with a so l ution 

i nciud i ng ca l c i um i ons, and after that, carbon i zed, and an ac i d so l ution contacts w i th this carbon i zed 
material I t is nnns i riornd thnt when the above descr i bed C a When the above described calcium 
charcoal 31, for example, is immersed in an HC1 solution H, for example [see Fig. 9(A)], calcium 
ions which have combined with functional groups on the surface of the walls of the micro pores 
in Ca charcoal 31 and the above described functional groups [see Fig. 9(B)] combine with 
chloride ions [see Fig. 9(C)], so that acid treated Ca charcoal 32 [see Fig. 9(D)] where chloride 
ions combine with these functional groups directly or via calcium ions is eame dproduced . 

[0025] 

As thean acid solution for use i n this invention, acid solutions which do not cause 
any problems in the subsequent treatment of wastewater at the time of manufacture, such as HC1 
and H2SO4, can be cited. The concentration of the acid solution i scan be no lower than 0.01 
mol/L, that is to say, in a range from 0.01 mol/L to 20 mol/L, and a range from 0.1 mol/L to 10 
mol/L is preferable. A concentration of lower than 0.01 mol/L has a disadvantage, such that 
sufficient desirable effects cannot be gained. Here, though it is desirable for the acid solution to 
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include anions which can be ion exchanged with anions that are the object of adsorption, there is 
no such limitation in the case where anions which can be ion exchanged with anions that are the 
object of adsorption are included in the solution with which the material originating from plant(s) 
is contacted before carbonization. 
[0026] 

In addition, it is efficient to carry out this acid treatment through immersion in an 
acid solution, and it is preferable to do this under reduced pressure, that is, it is preferable to do 
this under pressure in a range from 1330 Pa to 13. 3 Pa. 
[0027] 

I n addition, thclhg present inventors hageJbund , as a resu l t of d ili gent research, that 

in the case where a raw material which comprises plant(s) has been contacted with a solution 
including a metal chloride, for example, a solution including CaCb, in advance, so that CaCb is 
introduced into the material before this material is carbonized, and after that, this material into 
which CaCb has been introduced is carbonized, the carbonized material gained as a result of this 
has excellent anion absorbing performance. 

[002S] 

Thus, a manufacturing method for an anion adsorbing carbon material according to 
C l aim 4 is characterized in that a raw material which comprises plant(s) is contacted with a 
solution including a metal chloride, and after that, carbonized, and the above described metal 
chloride is contained within this carbonized material. Chloride ions of the metal chloride that is 
contained within the carbonized material exhibit anion exchanging ability, and therefore, the 
carbonized material functions as an anion adsorbing carbon material. Here, as the method for 
contacting the solution that includes a metal chloride with the above described material 
originating from plant(s), though dripping, application, spraying, atomization and the like of the 
above described solution are possible, immersion of the above described material in the above 
described solution is most efficient. 
[0029] 

In accordance with the above described manufacturing method for an anion 
adsorbing carbon material, when the above described material originating from plant(s) is 
immersed in a solution including CaCb as a metal chloride, and thus, a process for introducing 
calcium ions and chloride ions into the material is carried out, and after that, this material into 
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which CaCb has been introduced is carbonized, excellent anion adsorbing ability can be 
recognized in the gained charcoal into which CaCb has been introduced. 
[00301 

That is to say, as shown in Fig. 14(A), when ligneous chips 2, for example, which is 
a material, are immersed in a CaCb solution M so that they make contact with CaCb solution M, 
calcium ions and chloride ions in CaCb solution M are introduced into ligneous chips 2, so that, 
as shown in Fig. 14(C), chips 35 into which CaCb has been introduced are gained. This is 
because, as shown in Fig. 14(B), CaCb solution M soaks into the tissue, in particular, the 
conductive tissue, in ligneous chips 2. Here, as the concentration of the above described CaCb 
solution M that is used for pre-processing (contact processing) on the material, 0.1 weight % to 
50 weight % of CaCb is preferable, and 1 weight % to 20 weight % is more preferable, in terms 
of cost. In the case where the concentration is lower than 0.1 weight %, high anion adsorbing 
ability is not gained, while in the case where the concentration exceeds 50 weight %, the anion 
adsorbing ability does not increase. 
[00311 

Next, when the above described chips 35 into which CaCb has been introduced are 
carbonized, as shown in Fig. 15(A), a carbon material 37 is gained, as shown in Fig. 15(C). 
During this process of carbonization, organic matter in chips 35 into which CaCb has been 
introduced decomposes due to heat, and at the same time, chloride ions and calcium ions deposit 
on the surface of the walls of the micro pores in chips 35 into which CaCb has been introduced. 
At this time, as shown in Fig. 15(B), chloride ions and calcium ions deposit on the surface of the 
walls of the micro pores in chips 35, into which CaCb has been introduced, in a fine and highly 
dispersed state, and draw out many functional groups from every corner in the walls of the micro 
pores. As a result, as shown in Fig. 15(C), it is considered that a state where chloride ions 
combine with a great number of functional groups which have been drawn to the surface of the 
walls of the micro pores directly or via metal ions (in this case, calcium ions) is gained. 

I n addition, a manufacturing method for an an i on adsorb i ng carbon mater i al according to Claim 

5 i o charactor i zod i n that a raw material wh i ch comprises plant(o) w i th wh i ch a oo l ut i on i nc l ud i ng a 
meta l chloride have contacted is carbonized and the above descr i bed meta l ch l oride i s contained 
within th i s carbonized materia l . That i s to say, in the case a raw material which compr i ses p l ant(s) 
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w i th which a so l ut i on including a meta l ch l oride has contacted is prepared i n advance, tho samo 

anion adsorbing carbon mater i a l as that in the i nvention according to C l aim 4 can bo gained, s i mp l y 

by carbonizing th i s mater i a l . 
[0032] 

Here, as the content of the above described metal chloride, it is desirable for 2% to 
25% of the metal chloride which combines within the carbonized material to be contained as ash 
content (C l aim 6) . The metal compound which combines within the carbonized material is a 
metal chloride excluding metal chlorides which simply adhere to the inside of the carbonized 
material, that is to say, a metal chloride which combines within the carbonized material, and 
therefore, remains undissolved after being washed with water or an acid. In the case where the 
content is lower than 2%, the anion adsorbing ability becomes inferior, while, in the case where 
the content exceeds 25%, the anion absorbing ability tends not to increase. 
[0033] 

Furthermore, it is proforab l o for tho abovo described carbon i zed matorial to bo 

contacted w i th water and/or an acid in tho invent i on accord i ng to any of C l aims 4 to 6 (C l a i m 7). 
Hero, as thoA sji method for contacting water and/or an acid with the above described carbonized 
material, though dripping, application, spraying, atomization or the like of water and/or acid is 
possible, immersion of the above described carbonized material in water and/or an acid is most 
efficient. 

[0034] 

Horo, thclhe reason why it is preferable to contact water and/or an acid with the 

above described carbonized material can be considered to be as follows. That is to say, when 
carbon material (CaCk charcoal) 37 which has been eame aproduced as shown in Figs. 14 and 
15 is immersed in (contacted with) an acid, for example, hydrochloric acid H or sulfuric acid, as 
shown in Fig. 16(A), extra crystal of a metal chloride which adheres to carbon material 37 is 
removed. In addition, in the case where hydrochloric acid H is used as the acid, new chloride 
ions which combine with the functional groups of the above described carbon material 37 are 
added, so that the state changes from that shown in Fig. 16(B) to that shown in Fig. 16(C), and as 
a result of this, the anion adsorbing ability of the manufactured anion adsorbing carbon material 
increases, which is preferable. Here, in the case where water contacts with the above described 
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carbonized material instead of an acid, such as hydrochloric acid H, extra crystal of a metal 
chloride adhering to carbon material 37 is removed, and the anionic adsorbing ability increases. 

Horo, as the material i n tho i nvention accord i ng to any of C l aims 4 to 7, though any plant can 

bo used, mater i als of ono or more typos from natural f i boro and lignoouo mater i a l s of wh i ch tho 
carbonized materia l has micro pores are preferable, and any typo of li gneous mater i al, such as 
thinn i ng, lumber, and waste wood, and natura l fibers such as hemp can bo c i ted as examples. I n 
part i cular, i t i s preferab l e to use l igneous ch i ps of a s i zo of no greater than 50 mm gained by 
processing a conifer, such as Japanese cypress or codar hav i ng h i gh water absorboncy as tho 
abovo descr i bed materia l orig i nat i ng from p l ant(s). Furthermore, in add i t i on to tho abovo doscribod 
l i gneous ch i ps, bamboo, sawdust, chaff, coconut palm, bete l- nut pa l m, jute, s traw, agricu l tural 
waste, such as pee l s from mandar i n oranges and app l es and pu l p from mandarin oranges and 
app l es may bo used. I n add i t i on, the portion of p l ants having conduct i ve tissue (vessel s , trachcids 
and s i eve tubes) are particularly preferable. 

Concrete l y, CaCUand BaCUcan be cited as the abovo doscr i bod meta l ch l oride (C l aim 8). 

Here. CaCh and Bad? can be cited as the above descrihed metal chlorides. 
[0036] 

I n addition, in tho i nvention according to any of tho above doscribod C l a i ms 1 to 8, ittt 

is preferable for the temperature for carbonization of the above described material to be 400°C to 
1000°C. This is because in the case where the temperature for the carbonization process is lower 
than 400°C, micro pores are not created, and the performance as a an adsorbing material becomes 
inferior, while in the case where the above described temperature exceeds 1000°C, adsorbing 
properties are not gained, due to excessive carbonization. Here, the temperature for the 
carbonization process is more preferably 500°C to 900°C, and most preferably approximately 
600°C to 800°C. 



5477434.2 



11 



Tho on i on adsorbing carbon mater i al accord i ng to C l aim 9 is characterized by bo i ng 

manufactured by tho manufactur i ng method for an anion adsorb i ng carbon materia l according to any 

of C l a i ms 1 to 8. 
[0037] 

In addition, the anion adsorbing carbon material of this invention may be gained by 
removing the adsorbed anions from the anion adsorbing carbon material accord i ng to Cla i m 9 
which has adsorbed anions and combining anions which can be ion exchanged with anions which 
are the next object of adsorption with the carbon material in place of the above described 
removed anions (Cla i m 10) , Here, anions which can be adsorbed by the anion adsorbing carbon 
material of this invention are anions which can be an ion exchanged with anions that have 
combined in advance with the surface of the walls of the micro pores in the carbon material, and 
are naturally anions excluding the anions which have combined with functional groups on the 
surface of the walls of the micro pores in the above described carbon material directly or via 
metal ions. 

{0038J 

A manufacturing facilities for an anion adsorbing carbon material accord i ng to C l a i m 
4^is characterized by comprising a carbonization apparatus for carbonizing a raw material which 
comprises plant(s) and an apparatus for contacting a carbonized material which is produced by 
this carbonization apparatus with an acid solution. 
[0039] 

In this case, a carbonization furnace which allows for setting of the temperature for 
carbonization is used as the carbonization apparatus. In addition, any type of well-known 
container for an acid solution, such as an acid-resistant tank, can be used as the apparatus for 
contacting the carbonized material which is produced by this carbonization apparatus with an 
acid solution. 

In add i tion, a manufactur i ng faci l ities for an an i on adsorb i ng carbon materia l accord i ng to 

Cla i m 12 i s characterized by compr i sing an apparatus for contacting a raw materia l wh i ch compr i ses 
p l ant(s) with a so l ut i on i nc l uding calcium i ons, a carbon i zation apparatus for carbon i zing tho above 
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described material after it has boon contacted with tho solution, and an apparatus for contacting tho 

carbon i zed mater i a l which has boon produced by this carbonization apparatus w i th an acid solution. 
[0040] 

In this case, anyA ny type of well-known container, such as a tank, can be used as 

the apparatus for contacting a raw material which comprises plant(s) with a solution including 
calcium ions. In addition, a carbonization furnace which allows for setting of the temperature for 
carbonization is used as the carbonization apparatus. In addition, any type of well-known 
container for an acid solution, such as an acid-resistant tank, can be used as the apparatus for 
contacting the carbonized material which is produced by this carbonization apparatus with an 
acid solution. 

[0041] 

As the method (apparatus) for contacting the solution including calcium ions with 
the above described material originating from plant(s), dripping, application, spraying, atomizing 
or the like of the solution including calcium ions is possible, and immersion of the above 
described material in the solution including calcium ions is most efficient. In addition, as the 
method (apparatus) for contacting the acid solution with the carbonized material, dripping, 
application, spraying, atomizing or the like of the acid solution is possible, and immersion of the 
carbonized material in the acid solution is most efficient. 

I n accordance with the invent i on accord i ng to Cla i m 1 1 , a raw mater i a l wh i ch compr i se s 

plant(s) i s carbon i zed, and aftor that, th i s carbon i zed mater i a l i s contacted with an ac i d solution, and 
thereby, anions wh i ch can bo ion - exe h angod with anions that are tho object of absorption can 
comb i ne with funct i onal groups which have formed on tho wa ll s of m i cro poros i n tho carbonized 
mater i a l or i g i nat i ng from plant(s) d i rect l y or via calcium ions, and i n add i t i on, in accordanco w i th tho 
invention according to Claim 12, a raw material wh i ch comprises p l ant(s) which has contacted w i th a 
so l ut i on including ca l c i um ions is carbonated, and after that, this carbonated material is contacted 
with an acid so l ution, and thereby, an i ons wh i ch can be ion exchanged with an i ons that are the 
object of absorption can comb i ne w i th funct i onal groups which have boon formed by be i ng drawn 
out from tho wa l ls of tho micro poros i n th o carbonized mater i al d i roctly or via ca l c i um ions. 
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I n a manufactur i ng faci li ties for an anion adsorbing carbon matoria l accord i ng to Cla i m 11 or 

12, tho carbonization apparatus may a l low for tho format i on of m i cro poros insido tho carbonized 
mator i a l orig i nat i ng from plant(s), as woll as tho formation of a groat number of funct i ona l groups on 
those wa ll s of tho m i cro pores, and tho apparatus for contacting the carbonized mator i al with an ac i d 
so l ution may a ll ow for tho combination of tho above descr i bed functiona l groups w i th an i ons wh i ch 
can bo ion exchanged w i th anions that arc the object of absorpt i on direct l y or via ca l cium ions 
(C l a i m 13). 

Tho present i nventors found, as a result of diligent research, that more functiona l groups of tho 

carbon i zed mator i a l can bo created by control l ing tho temperature and the t i me during the process 
of carbonizat i on. That i s to say, i n the case whore no ca l cium is i ntroduced into tho above 
described materia l , as in tho i nvent i on according to C l a i m 1 1 , tho difference in tho amount of 
cr e ated functional groups of tho carbonized mator i a l i s sma ll , i rrespect i vely of tho temperature for 
heat i ng at tho time of carbonization. Meanwh i le, tho present i nventor s conf i rmed that in tho case 
whoro ca l c i um i s i ntroduced into tho above descr i bed mator i al i n advance, as i n tho invent i on 
accord i ng to C l aim 12, more functiona l groups can bo formed i n the case where the mator i a l is 
naturally cooled after the tomporaturo for carbonization of approximately 650°C to 750°C has been 
mainta i ned for, for examp l e, one hour, i n compar i son w i th a case whoro tho matoria l is natura ll y 
coo l ed after tho temperature for carbon i zation of approx i mate l y 600°C or approx i mate l y 800°C has 
boon maintained for one hour. 

Part i cularly when a calc i um i s i ntroduced, i n tho carboniz e d mater i a l that has boon carbonized 

at a tomporaturo for carbonization of approximately 650°C to 750°C, as de s crib e d above, a state 
where m i croscop i c part i cles of a ca l cium compound ha l f depos i t on tho s urface of tho wa ll s of tho 
m i cro pores i n the above described carbonized materia l and un i formly d is per s e was observed 
through an e l ectron m i croscope. Meanwhi l e, when the temperature for carbon i zat i on was 
approximate l y 600°C, a state whoro m i croscopic partic l es of a calcium compound have not 
suffic i ently depos i ted on tho surface of tho wal l s of tho micro poros as descr i bed above was 
observed. I n addition, when the temperature for carbonization was approximate l y 800°C, though 
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depos i tion of m i croscop i c part i cles of a calcium compound on tho surface of tho walls of tho micro 
poros as doscr i bod above was observ e d, the stato was such that there wore many m i ssing port i ons. 
As descr i bed above, approx i mately 650°C to 750°C can bo c i ted as tho temperature for 
carbonizat i on which is requ i red for ca l cium to draw out as many functiona l groups as possib l e from 
the surface of the wa ll s of tho micro pores i n tho carbon i zed mater i a l , as doscribod abovo. 

As tho acid solution of this invention, acid solutions wh i ch do not cause any problems w i th 

treatment of wastewater at tho t i mo of manufacture, such as HCI and h kSCk, can bo c i ted. Tho 
concentrat i on of tho ac i d so l ution is no lower than 0.01 mo l /L, that is to say, i n a range from 0.01 
mo l /L to 20 mo l /L, and a rango from 0.1 mo l /L to 10 mol/L i s proforablo. A concentrat i on of l ower 
than 0.01 mol/L has a disadvantage, such that suffic i ent effects cannot be gained. Horo, though it i s 
des i rab l e for tho ac i d so l ut i on to include an i ons wh i ch can bo i on exchanged w i th an i ons that arc the 
object of adsorpt i on, there i s no such l imitation in the case whoro an i ons which can bo ion 
exchanged w i th anions that are the object of adsorpt i on are i ncluded in tho solut i on w i th wh i ch tho 
materia l or i ginating from plant(s) i s contacted before carbon i zation. 

In the i nvent i on according to Cla i m 11, an ac i d solution, for e xample, an HC I so l ution, can 

contact w i th tho wa l ls of tho micro poros in tho carbon i zed mater i al which has boon ga i ned by 
carbon i z i ng a raw mater i a l wh i ch compr i ses plant(s) using tho carbonizat i on apparatus, and thereby, 
an i ons, for example, chloride i ons, wh i ch can bo ion exchanged with an i ons, for examp l e, nitrate 
n i trogen or n i tr i to nitrogon, wh i ch is tho object of absorption, can comb i ne w i th tho functiona l groups 
wh i ch formed on tho surface of tho wa ll s of tho micro poros i n tho carbonized mater i a l or i g i nating 
from p l ant(s). Th i s is considered to be because whon the carbon i zed mater i a l i s contacted w i th, for 
examp l e, an HCI solut i on, chloride ions in tho HCI solution comb i ne w i th funct i ona l groups on tho 
surface of tho wa l ls of tho m i cro pores in the carbon i zed materia l , so that ac i d treated charcoa l S 
whor e chloride i ons combine with thoso funct i ona l groups are ga i ned [sco Fig. 1]. 

Furthermore, in tho i nvention accord i ng to Cla i m 12, an acid solut i on, for examp l e, an HC I 

so l ut i on, contacts w i th tho wa l ls of tho m i cro poros of tho carbon i zed material wh i ch has boon 
ga i ned by contacting a raw material wh i ch compr i ses plant(s) w i th a so l ution includ i ng ca l c i um i ons, 
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and after that, carbon i z i ng tho materia l , and thereby, anions, for oxamp l o, ch l oride ions, wh i ch can 
bo ion exchanged w i th an i ons, for examp l e, nitrate n i trogon or nitr i te nitrogen, wh i ch i s the object of 
adsorption, can combine with functiona l groups that have been drawn out from tho above descr i bed 
wa ll s of the m i cro pores direct l y or via calc i um ions. This is considered to bo because when tho 
above described Ca charcoal 31 , for example, i s immersed in an HCl so l ution H, for oxamplo [see 
Fig. 9(A)], ca l cium i ons wh i ch have comb i ned w i th funct i onal groups on the surface of tho wa ll s of 
the m i cro pores i n Ca charcoal 31 and tho above described functiona l groups [see F i g. 0( B )] 
comb i ne w i th ch l or i de i ons [see F i g. 0(C)], so that ac i d treated Ca charcoa l 32 [see Fig. 9(D)] whore 
chlor i de i ons combine w i th thoso functiona l groups directly or v i a calcium i ons i s ga i ned. 

In addition, it is efficient to carry out this ac i d treatment through i mmers i on in an ac i d so l ution, 

and i t i s preferable to do this under reduced pressure, that i s, it is preferab l e to do th is under 
pressure i n a range from 1330 Pa to 13.3 Pa. 

Tho manufacturing faci li ties for an an i on adsorb i ng carbon materia l accord i ng to Cla i m 1 4 is 

charactorized by comprising a carbonization apparatus for carbon i zing a raw mater i al which 
comprises plant(s) which has contacted with a so l ution i nclud i ng a meta l ch l oride. In th i s case, a 
carbonizat i on furnace for a l low i ng for tho sotting of tho temperature for carbonizat i on is used as tho 
carbonizat i on apparatus. 

Tho manufacturing fac i l i ties for on anion adsorbing carbon mater i al accord i ng to C l a i m 15 i s 

character i zed by compris i ng an apparatus for contacting a raw materia l wh i ch comprises plant(s) 
w i th a so l ut i on i nc l uding a metal chloride and a carbonizat i on apparatus for carbon i z i ng tho above 
described mater i a l after i t has contacted with tho so l ut i on. I n th i s case, a carbonization furnace for 
al l ow i ng for tho setting of tho temperature for carbonization i s used as tho carbonization apparatus. 
I n add i t i on, as the apparatus for contacting a so l ution i nclud i ng a metal chlor i de with tho above 
described materia l orig i nating from plant(s), though an apparatus for dr i pping tho above described 
s olut i on, an apparatus for app l y i ng tho abovo described so l ution, an apparatus for spraying tho 
above described so l ut i on, an apparatus for atom i z i ng the above descr i bed solution and tho like aro 
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poss i ble, an immersion apparatus for immersing the abovo de s cribed mater i a l i n tho above 
described so l ution is most efficient. 

I n tho case where a solut i on includ i ng a meta l ch l oride contacts w i th tho above descr i bed 

mater i al in advance, as shown i n Claim 1 4 , no moans for contact i ng a mater i al w i th a solution 
i nc l ud i ng a meta l chlor i de is requ i red in tho manufacturing faci l ities for an an i on adsorb i ng carbon 
mater i a l , while in tho caso whore a manufactur i ng fac ili t i es for an anion adsorbing carbon mater i a l 
has an apparatus for contacting a mater i a l w i th a solution including a meta l chlor i de as i n C l a i m 15, 
a materia l originating from any typo of a plant can bo used. 

I n add i tion, tho meta l chlor i de wh i ch combine s with i n tho abovo descr i bed carbon i zed mater i a l 

is a metal chloride excluding meta l ch l or i des which s i mp l y adhoro to tho ins i de of tho carbonized 
materia l , that is to say, a metal chloride wh i ch combines w i th i n tho carbon i zed materia l , and 
therefore, remains undisso l ved after be i ng washed with water or an ac i d. Thus, i n the ca s o where 
tho content of tho metal chlor i de is lowor than 2%, tho an i on adsorbing ab ili ty bocomos i nferior, 
whilo, i n tho case where tho content exceeds 25%, tho an i on absorbing ab ili ty tonds not to i ncroaso. 
Accord i ngly, it is desirab l e for 2% to 25% of tho meta l ch l oride wh i ch combines w i th i n tho 
carbonized mater i al to bo conta i ned as an ash component. 

A carbon i zation apparatus according to C l aim 1 4 or 15 may carbon i ze a raw mater i a l which 

comprisos p l ont(s), form micro pores i ns i de, and draw out a groat number of funct i ona l groups to tho 
surface of tho wa ll s of those micro pores, and comb i ne an i ons which can bo i on exchanged w i th 
an i ons that are tho object of adsorpt i on d i rect l y or via metal ions (C l aim 16). Horo, anions which 
can be adsorbed by the an i on adsorbing carbon materia l are an i ons which can be i on exchanged 
w i th anions that have combined i n advance with tho surfac e of the wa ll s of tho m i cro poros i n tho 
carbon mater i a l , and are natura l ly an i ons excluding tho an i ons inc l uded in tho meta l ch l or i de wh i ch 
has combinod w i th functional groups on tho surface of tho wa ll s of tho m i cro poros i n tho abovo 
described carbon material d i roct l y or via metal ions. 

An apparatus for contacting a carbon i zed materia l which has boon created by tho abovo 

de s cribed carbonizat i on apparatus with wator and/or an ac i d solut i on, to remove extra crysta l of tho 
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motal ch l or i de which adheres to tho carbonized mater i al, and to increase anion adsorbing ability, 
may be prov i ded (Claim 17). Here, as the method for contacting the above descr i bed carbonized 
mater i al w i th water and/or an acid, though dripping, appl i cation, spray i ng, atom i zation or tho l i ke of 
water and/or acid is possible, immersion of the abovo descr i bed carbonized mater i al i n water and/or 
an ac i d i s most effic i ent. 

The configurat i on may bo prov i ded with a drying area for an intormcdiato body for ga i ning an 

anion adsorb i ng carbon material so that tho above descr i bed intormcd i ato body i s dr i ed in th i s 

dry i ng area using heat d i scharged from the carbonizat i on apparatus (Cla i m 18). 

In tho i nvent i on accord i ng to any of Claims 1 1 to 18, tho tomporaturo for carbonization in tho 

above described carbonization apparatus may bo 4 00°C to 1000°C. Hero, th i s temperature for 

carbon i zation i s preferably 500°C to QQO°C, and is more preferab l y 650°C to 750°G. 

I n tho case where CaCUs used as tho mota l chlor i de, i t was found through observat i on 

through an e l ectron microscope that more funct i onal groups can bo formed and m i croscop i c 

partic l es of tho meta l ch l or i de half deposit on tho surface of the wa ll s of tho micro pores i n tho 

carbon i zed material and un i formly d i spers e d, part i cular l y whon tho mater i a l i s natura l ly cooled aftor 

tho carbonization apparatus has ma i ntained a tomporaturo for carbon i zation of approximately 650°C 

to 750°C for one hour. 
[0042] 

Effects of tho Invention 

I n the i nvention according to any of C l aims 1 to 3, aA raw material which comprises 

plant(s) is contacted with a solution including calcium ions, and after, that, carbonized, and 
subsequently, was contacted with an ac i d solution, a raw material wh i ch compr i sos p l ant(s) wh i ch 
has contacted w i th a so l ution inc l uding ca l cium ions i s carbon i zed, and this carbonized mater i a l is 
contacted with an acid solution, or a carbon i zed mater i al ga i ned by carbonizing a raw mater i al wh i ch 
compr i sos plant(s) which has contacted w i th a so l ution inc l ud i ng ca l cium i ons is contacted with an 
acid solution, and therefore, an anion adsorbing carbon material having anion adsorbing 
properties equal or superior to those of an anion exchange resin can be gained by setting an 
appropriate temperature for carbonization. In addition, an anion adsorbing carbon material 
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manufactured in accordance with the above described manufacturing method for an anion 
adsorbing carbon material has a material originating from plant(s) as a main body and is 
environmentally friendly. 

In the invention according to any of Claims 4 to 8, an an i on adsorbing carbon mater i a l hav i ng 

an i on adsorbing propert i es wh i ch are equa l or superior to those of an an i on exchange ros i n can bo 

gained. Furthermore, this an i on adsorb i ng carbon mater i a l has a raw mater i al wh i ch compr i ses 

plant(s) a s a main body and i s e nv i ronmental l y friendly. 
[0043] 

I n addit i on, i n the i nvention according to C l aim 9, an An anion adsorbing carbon 

material which can be repeatedly restored for use can be gained. I n addit i on as doscribod in 

C l a i m 10. the The adsorbed anions are removed from the above described anion adsorbing 
carbon material, and anions which can be ion exchanged with anions that are the next object of 
adsorption are combined with the above described anion adsorbing carbon material in place of 
the above described removed anions, and thereby, the above described anion adsorbing carbon 
material can be repeatedly restored for use. 

I n tho invent i on accord i ng to Cla i m 1 1, a carbon i zat i on apparatus for carbonizing a raw 

matoria l which compr i ses p l ant(s) and an apparatus for contact i ng a carbonized materia l wh i ch has 
boon created i n this carbon i zation apparatus with an ac i d so l ution are provided, and therefore, an 
ac i d so l ut i on can contact w i th the wa l ls of the micro pores i n tho carbonized mator i al, and thus, 
anions wh i ch can bo ion exchanged with anions that aro tho object of adsorption can bo comb i ned 
w i th tho functiona l groups wh i ch have formed on tho wa ll s of the above described micro poros. 

I n add i t i on, i n tho invent i on according to C l a i m 12, an apparatus for contacting a raw mater i a l 

which compr i ses p l ant(s) w i th a solut i on inc l uding ca l cium ions, a carbon i zat i on apparatus for 
carbonizing tho above doscr i bod matorial after it has boon contacted w i th the so l ution, and on 
apparatus for contacting a carbon i zed matorial which has boon created by th i s carbon i zat i on 
apparatus with an ac i d solut i on are provided, and therefore, an acid solut i on can contact with tho 
wa ll s of tho m i cro pores of a carbon i zed mator i a l , and anions wh i ch can bo i on exchanged with 
an i ons that aro tho object of adsorption can be comb i ned w i th the funct i ona l group s which havo 
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boon drown out from and formod on the walls of tho above descr i bed m i cro pores diroctly or v i a 

ca l c i um i ons. 

[0044] 

Therefore, an anion adsorbing carbon material having anion adsorbing ability can be 
gained without any problems in the treatment of wastewater with Fe, unlike in the case where a 
raw material which comprises plant(s) is immersed in a solution of iron chloride after being 
carbonized. 

[0045] 

In addition, in this invention, an anion adsorbing carbon material having anion 
adsorbing properties which are equal or superior to those of an anion exchange resin can be 
gained by setting an appropriate temperature for carbonization when a raw material which 
comprises plant(s) is contacted with a solution including calcium ions, and after that, carbonized. 
[0046] 

I n tho i nvent i on according to Claim 13, aA raw material which comprises plant(s) is 

carbonized, and thereby, micro pores are formed inside, and a great number of functional groups 
are formed on the walls of these micro pores, and therefore, these functional groups can combine 
with anions which can be ion exchanged with anions that are the object of adsorption directly or 
via calcium ions, so that the anion adsorption ability of the carbonized material can be efficiently 
increased. 

In an anion adsorbing carbon material formed by a manufacturing facilities for an 
anion adsorbing carbon material of tho invention accord i ng to Claim 1 4 or 15^ chloride ions of the 
metal chloride which is contained within the carbonized material exhibit anion exchanging 
ability, and therefore, the carbonized material functions as an anion adsorbing carbon material. 
[0048] 

In the case where the above described carbonization apparatus carbonizes a raw 
material which comprises plant(s) so that micro pores are formed inside and a great number of 
functional groups are drawn out to the surface of the walls of these micro pores, and at the same 
time, anions (for example, C1-) which can be ion exchanged with anions (for example, NO3-) that 
are the object of adsorption are combined with these functional groups directly or via metal ions- 
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(C l aim 16) , the anion adsorption ability can be efficiently increased by carbonizing a raw material 
which comprises plant(s) which has contacted with a metal chloride. 
[00491 

In the case where an apparatus for removing extra crystal of a metal chloride that 
adheres to the carbonized material so that the anion adsorbing ability increases by contacting a 
carbonized material which has been created in the above described carbonization apparatus with 
water and/or an acid solution is provided (C l aim 17) , the anion adsorption ability of the anion 
adsorbing carbon material can further be increased, which is preferable. 
[00501 

In the case where the configuration is provided with a drying area for drying an 
intermediate body for gaining an anion adsorbing carbon material, so that the above described 
intermediate body is dried by using the heat that is discharged from the carbonization apparatus 
in this drying are a (C l a i m 18) , the time for heating which is required for carbonizing this 
intermediate body can be shortened. In addition, in the case where an intermediate body made of 
a carbonized material is contacted with water and/or an acid solution, this intermediate body is 
dried, and thereby, a lightweight anion adsorbing carbon material which is easy to handle can be 
gained. Here, an intermediate body is dried using discharged heat in the drying area, and 
therefore, energy can be used efficiently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] 

The objects and features of the present invention, which are believed to he noveL 
are set forth with particularity in the appended claims. The present invention, both as to 
its organization and manner of operation, together with further objects and advantages- 
mav best he understood bv reference to the following description, taken in connection with 
the accompanying drawings. 

[0052] 

Br i of Description of the Drawings 

Fig. 1 is a diagram showing thea configuration of tho ent i rety of thoa , first 

embodiment^ 
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[0053] 

Fig. 2 is a diagram illustrating tho entirety of the manufacturing process steps 
according to the above described embodimentTi 
[0054] 

Fig. 3 is a diagram showing thea configuration of tho ent i rety of thoa second 

embodiment. 

[0055] 

Fig. 4 is a diagram illustrating tho entirety of tho manufacturing process steps 
according to the second embodimentTi 
[0056] 

Fig. 5 is a graph respectively showing the amount of nitrate nitrogen and nitrite 
nitrogen adsorbed by anion adsorbing carbon materials which aro aainod w ere produced in the 
first and second embodiments during an^adsorption testings 
[0057] 

Fig. 6 is a graph respectively showing the amount of fluoride ions adsorbed by anion 
adsorbing carbon materials which are aa i nod w ere produced in the first and second embodiments 
during the a dsorption testings 
[0058] 

Fig. 7 is a diagram showing the steps in contacting a raw material which comprises 
plant(s) with a solution including calcium ions in the second embodiment^ 
[0059] 

Fig. 8 is a diagram showing the steps in carbonizing the above described material 
after it has been contacted with the solution in the second embodiment! 
[00601 

Fig. 9 is a diagram showing the steps in contacting a carbonized material which has 
been created by the carbonization apparatus with an acid solution in the second embodiment^ 
[0061] 

Fig. 10 is a diagram showing thea mechanism for nitrate ion adsorption in an anion 
adsorbing carbon material gained in the second embodimentTi 
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[0062] 

Fig. 1 1 is a diagram schematically showing the configuration of a-facilities for 
manufacturing an anion adsorbing carbon material according to thea third embodiment of this 
invention^ 

[0063] 

Fig. 12(A) is a diagram showing an example of an anion adsorbing carbon material, 
and Fig. 12(B) is a diagram showing an example of the above described anion adsorbing carbon 
material after processingri 
[0064] 

Fig. 13 is a diagram showing an example of a-process steps f or manufacturing a 
carbon material as that described above using the above described manufacturing facilitiesTi 
[0065] 

Figs. 14(A) to 14(C) are diagrams showing a detail in Step S2 in Fig. 4^121 
[0066] 

Figs. 15(A) to 15(C) are diagrams showing a detail in Step S4 in Fig. 43rl2i 
[0067] 

Figs. 16(A) to 16(C) are diagrams showing a detail in Step S5 in Fig. 43rl2i 
[0068] 

Figs. 1 7(A) to 1 7(D) are diagrams showing a detail during adsorption of nitrate ions 
in the above described embodiment, and Fig. 17(E) is a diagram showing the carbon material 
after restorationT^ 
[0069] 

Fig. 18 is a graph showing the results of comparison of the adsorbed amount of 
nitrate nitrogen/nitrite nitrogen between the above described carbon material and a material for 
comparisonTi 
[0070] 

Fig. 19 is a graph respectively showing the amount of nitrate nitrogen adsorbed by a 
carbon material which has been prepared by changing the concentration of a CaCh solution in 
Step S2 and by a carbon material gained through HC1 treatmentT^jyad 
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[0071] 

Fig. 20 is a graph showing the results of comparison of the adsorbed amount of 
fluoride ions between the above described carbon material and material for comparison. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of the invention 
which set forth the best modes contemplated to carry out the invention, examples of which 
are illustrated in the accompanying drawings. While the invention will be described in 
conjunction with the preferred embodiments, it will he understood that thev are not 
intended to limit the invention to these embodiments. On the contrary, the invention is 
intended to cover alternatives, modifications and equivalents, which mav be included 
within the spirit and scope of the invention as defined by the appended claims. 
Furthermore, in the following detailed description of the present invention, numerous 
specific details are set forth in order to provide a thorough understanding of the present 
invention. However, it will be obvious to one of ordinary skill in the art that the present 
invention may be practiced without these specific details. In other instances, well known 
methods, procedures, components, and circuits have not been described in detail as not to 
unnecessarily obscure aspects of the present invention. 

[0073] 

Explanation of Drawing Symbols 

1 carbonization apparatus 

2 raw material which comprises plant(s) 

3 apparatus for contacting carbonized material with acid solution 

1 0 apparatus for contacting material with solution including metal chloride 
12, 24 drying area 

22 apparatus for increasing anion adsorbing ability 
A, 3 1, 36 carbonized material (intermediate body) 
C solution including calcium ions 
H acid solution 

M solution including metal chloride 
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S, 30, 32, 35, 37 
[0074] 



intermediate bodies 



Bost Modo for Carrying Out tho Invention 

I n tho following, the embodiments of this i nvent i on oro descr i bed in roforonco to tho draw i ngs. 

Horo, this i nvention is not l im i ted to those embodiments. 

Figs. 1 and 2 show tbea first embodiment of thisthfi invention. 

[0075] 

In Figs. 1 and 2, 1 indicates a carbonization furnace (an example of a carbonization 
apparatus for carbonizing a raw material which comprises plant(s)) for carbonizing a ligneous 
material (an example of a raw material which comprises plant(s)) 2 of plant(s), for example, 
natural fibers, including hemp, or lumber, without activating the material. Ligneous chips, for 
example, ar ecan he used as the above described material 2. These ligneous chips are gained by 
processing a conifer, such as Japanese cypress or cedar having high water absorbency and £aa= 
have a size of no greater than, for example, 10 mm. 
[0076] 

3 indicates facilities for acid treatmen t such as a tank which contact an acid 
solution with a carbonized material that has been created by carbonization apparatus 1 , and has 
mixing blades 5 inside a container 4 for containing an acid solution H, for example, HC1 and 
H2SO4. The concentration of this acid solution is, for example, 5 mol/L. Apparatus for acid 
treatment 3 treats charcoal A in chip form that has been gained in carbonization furnace 1 with 
acid. In addition, (1) acid treated charcoal (an example of an intermediate body) S which can be 
used immediately after acid treatment is used as it is. In addition, (2) the above described 
charcoal S may be neutralized with alkali after acid treatment if necessary, and in this case, (3) 
the neutralized acid treated charcoal S may be washed with water if necessary. 
[00774 

6 indicates a drier for drying acid treated charcoal S after acid treatment or acid 
treated charcoal S after acid treatment, neutralization and washing with water using the heat 
discharged from the carbonization furnace. Here, drying may be omitted if the charcoal is used 
in a moist state. 6a (see Fig. 2) indicates a processing portion for processing the dried acid 
treated charcoal S. 7 indicates a product in pellet form which has been processed from the above 
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described dried acid treated charcoal S, and 8 indicates a product which has been formed by- 
crushing dried acid treated charcoal S. Here, the products are processed in different ways, 
depending on the application. In addition, another product, where dried acid treated charcoal S is 
stuck to an unwoven cloth, for example, can be cited, in addition to products 7 and 8. 
[0078] 

Figs. 3 and 4 show tbea second embodiment of thtsihg invention. 
[0079] 

In Figs. 3 and 4, acid treated Ca charcoal 32, which is an example of an anion 
adsorbing carbon material is gained by drying ligneous material (an example of a raw material 
which comprises plant(s)) 2 of plant(s), for example, natural fibers, including hemp or lumber, 
using dryer 12 after immersion in a solution including calcium ions (for example, lime water C) 
which is prepared in a Ca introducing calcification a pparatus (an example of an apparatus for 
contacting a raw material which comprises plant(s) with a solution including calcium ions) 0, and 
subsequently *). Subsequently- carbonizing the material inji carbonization furnace (an example 
of a carbonization apparatus) 1 without activating the material, and after that, immersing the 
material in antacid solution H, for example, HC1 or H2SO4, using an^apparatus for acid treatment 
3 for contacting the carbonized material which has been created by carbonization apparatus 1 
with an acid solution, and furthermore, drying the material using iLjiryer 6 and processing the 
material in ^processing portion 6a. 
[00S0] 

In this embodiment, ligneous chips are used as the above described material 
originating from plant(s) (hereinafter, simply referred to as material) 2. These ligneous chips are 
gained by processing a conifer, such as Japanese cypress or cedar having high water absorbency 
and hav ehaving a size of no greater than, for example, 10 mm. 
[00S1] 

The above described Ca introducing apparatus 9 is an apparatus for introducing Ca into 
ligneous chips 2, and is provided with a container 10 which contains a solution including calcium 
ions in which ligneous chips 2 are immersed. In this embodiment, ligneous chips 2 are immersed 
in the lime water C, and ligneous chips 2 are immersed in the lime water C of a predetermined 
concentration (for example, 5 weight %), and after that, taken out from container 10, and thereby, 
chips into which Ca has been introduced (an example of an intermediate body) 30 can be gained. 
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In this case, it is preferable to drive mixing blades 10a which are provided inside container 10 
while the ligneous chips are immersed, in order for the solution to sufficiently soak into ligneous 
chips 2, or for calcium ions to sufficiently react with a component of ligneous chips 2. 
[00S2] 

The gained chips 30 into which Ca has been introduced are dried using the above 
described dryer 12. In this embodiment, dryer 12 dries chips 30 into which Ca has been 
introduced using heat discharged from the carbonization furnace. Here, the efficiency in 
processing improves when milk of lime is used. In addition, a calcium chloride solution or a 
calcium acetate solution can be used instead of lime water C or milk of lime. 
[0083] 

The dried chips 30 into which Ca has been introduced are carbonized in 
carbonization furnace 1, so that Ca charcoal (an example of an intermediate body made of a 
carbonized material) 3 1 in chip form is gained. As for the conditions for carbonization in this 
embodiment, the temperature for carbonization is 650°C to 750°C for a period of one hour . 
[00S4] 

The above described apparatus for acid treatment 3 is provided with a container 4 
which contains,^ acid solution H, for example, HC1 or H2SO4, and mixing blades 5 are provided 
inside this container 4. The concentration of this acid solution H is, for example, 5 mol/L. In the 
above described apparatus for acid treatment 3, Ca charcoal 3 1 in chip form that has been gained 
in carbonization furnace 1 is treated with acid, so that acid treated Ca charcoal 32 is gained. In 
addition, it is preferable to drive mixing blades 5 which are provided inside container 4, so that 
dissolving of calcium carbonate (CaCOs) on the surface of Ca charcoal 31 in the acid is 
accelerated and chloride ions and calcium ions sufficiently react with functional groups on the 
surface of the above described Ca charcoal 3 1 . The gained acid treated Ca charcoal (an example 
of an intermediate body made of a carbonized material) 32 is dried using the above described 
drier 6. In this embodiment, dryer 6 dries acid treated Ca charcoal 32 using heat being 
discharged from the carbonization furnace to lower the cost of the processing . 
[0085] 

In addition, (1) acid treated Ca charcoal 32 which can be used immediately after 
acid treatment steo=and the^drying step i s processed directly into a final p roduct as an anion 
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adsorbing material. In addition, (2) acid treated Ca charcoal 32 may he further neutralized with 
alkali after treatment with acid if necessary, and in this case, (3) the neutralized acid treated Ca 
charcoal may be washed with water if necessary. Here, drying may be omitted in the case where 
the product is tojb^used in a moist state. 
[0086] 

T indicates a product in pellet form which is gained by processing acid treated Ca 
charcoal 32, and 8' is a product which is formed by crushing acid treated Ca charcoal 32. Here, 
the products are processed differently, as shown below, depending on the application. In 
addition, another product where acid treated Ca charcoal 32 is stuck to an unwoven cloth, for 
example, can be ette dcreatecL in addition to products 7 and 8'. Here, in some cases, chips 30 
into which Ca has been introduced and Ca charcoal 3 1 are prepared in separate factories, and in 
such cases, manufacturing of acid treated Ca charcoal 32 may start in the middle of the process in 
each of the above described embodiments. In addition, acid treated Ca charcoal 32 can be used 
as it is, without processing. <Nitrate Nitrogen and Nitrite Nitrogen Adsorbing Test> 
[0037] 

[Testing Method] 

Five containers having 50 ml of nitrate solution and nitrite solution of the& 
concentration of 50 mg/L (50 ppm), respectively, were prepared (standard liquid), and five types 
of the following samples were put into the corresponding containers for each standard liquid, and 
the containers were shaken for ten hours under the conditions of, for example, 200 rpm at 20°C, 
and after that the concentration of nitrate nitrogen and the concentration of nitrite nitrogen in the 
above described nitrate solution and nitrite solution were respectively measured and the amount 
of adsorption was calculated: 
[0088] 

(1) 200 mg of charcoal, which was gained by carbonizing ligneous chips 2 at 700°C 
(hereinafter simply referred to as charcoal) and^^as used as a comparative example, 
[0089] 

(2) 200 mg of iron chloride charcoal, which was eatne dproduced by immersing 
charcoal which had been gained by carbonizing ligneous chips 2 at 700°C in 1 mol/L of an FeCb 
solution and after that washing the charcoal with water, aftdjEM use d as a comparative example, 
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[0090] 

(3) 200 mg of acid treated charcoal, which was eame ^prepared by immersing 
charcoal which had been eame dproduced by carbonizing ligneous chips 2 at 700°C in 5 mol/L 
of an HC1 solution and after that washing the charcoal with water, 
[0091] 

(4) 200 mg of acid treated Ca charcoal 32 (anion adsorbing carbon material), which 
was gained by immersing charcoal which had been gained by immersing ligneous chips 2 in 5 
weight % of lime water, and after that, carbonizing the chips at 700°C in 5 mol/L of an HC1 
solution, and 

[0092] 

(5) 200 mg of an anion exchange resin, which was used as a comparative example. 
[0093] 

[Results] 

Fig. 5 shows thea comparison in the adsorbing abilities of nitrate nitrogen and 
nitride nitrogen among the above described respective samples. The charcoal of (1) which was 
carbonized at 700°C barely adsorbed nitrate nitrogen or nitrite nitrogen, while the iron chloride 
charcoal of (2) adsorbed 2.75 mg/g and 2.35 mg/g of nitrate nitrogen and nitrite nitrogen, 
respectively. In addition, acid treated charcoal S of (3) adsorbed 2.50 mg/g and 2.20 mg/g of 
nitrate nitrogen and nitrite nitrogen, respectively. The anion exchange resin of (5) adsorbed 
10.80 mg/g and 10.00 mg/g of nitrate nitrogen and nitrite nitrogen, respectively. 
10094] 

Meanwhile acid treated Ca charcoal 32 of (4), which was gained by immersing 
ligneous chips 2 in lime water C, and after that, carbonizing the chips, and subsequently 
immersing the chips in an HC1 solution, adsorbed 10.75 mg/g and 9.80 mg/g of nitrate nitrogen 
and nitrite nitrogen, respectively, and exhibited thean adsorption ability which was equal to or 
greater than that of the anion exchange resin of (5). 
[0095] 

In addition, the mechanism for the above described acid treated Ca charcoal 32 to 
adsorb nitrate ions is considered as follows. As shown in Fig. 10(A), when acid treated Ca 
charcoal 32 (anion adsorbing carbon material) is immersed in a nitrate solution L, for example, 
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nitrate ions in nitrate solution L are exchanged with chloride ions [see Fig. 10(B)] which have 
combined with functional groups on the surface of the walls of the micro pores in th^acid treated 
Ca charcoal 32 directly or via calcium ions [see Fig. 10(C)], and thus, the nitrate ions adsorbed 
by acid treated Ca charcoal 32 [see Fig. 10(D)]. Fig. 10(E) shows a change in acid treated Ca 
charcoal 32 shown in Fig. 10(D) when this is immersed in a KC1 (or NaCl) solution. That is to 
say, the acid treated Ca charcoal 32 which has adsorbed nitrate ions can repeatedly be restored by 
exchanging nitrate ions with chloride ions in the KC1 (or NaCl) solution. I n the fo ll ow i ng, 
thtelhi& restoration test is described v as follows: 
[01001 

<Restoration Test> 
[Testing Method] 

Samples of acid treated charcoal S and acid treated Ca charcoal 32 after the above 
described nitrate nitrogen adsorbing test had been carried out, were washed with 1 mol/L of a 
KC1 (or NaCl) solution, and furthermore, it was washed with water. Subsequently, the standard 
liquid was exchanged and 50 ml (milliliter) of a nitrate solution of which the concentration of 
nitrate nitrogen was 50 mg/L was prepared as a standard liquid, and the first restoration test was 
carried out on the above described 200 mg of the samples which were washed with water. That 
is to say, the above described samples were put into a nitrate solution and the containers were 
shaken for ten hours under the conditions of, for example, 200 rpm at 20°C, and after that, the 
concentration of nitrate nitrogen in the above described nitrate solution was measured and the 
amount of adsorption was calculated, and in this manner, the first restoration test was carried out 
on the above described samples. 
[0096] 

Next, the above described samples which were used in the first restoration test were 
washed with a KC1 (or NaCl) solution of 1 mol/L, and furthermore, it was washed with water. 
Subsequently, the standard liquid was exchanged and 50 ml (milliliter) of a nitrate solution of 
which the concentration of nitrate nitrogen was 50 mg/L was prepared and a restoration test was 
carried out on 200 ml of the above described samples which had been washed with water as 
described above. That is to say, the above described samples were put into 50 ml (milliliter) of a 
nitrate solution and the containers were shaken for ten hours under the conditions of, for 
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example, 200 rpm at 20°C ? and after that, the concentration of nitrate nitrogen in the above 
described nitrate solution was measured and the amount of adsorption was calculated, and in this 
manner, the second restoration test was carried out on the above described samples. This process 
was repeated two additional times. 

[0097] 

[Results] 

Amount of nitrate nitrogen adsorbed by acid treated charcoal S 

Initial time 2.5 mg/g 

First restoration time 2.5 mg/g 

Second restoration time 2.4 mg/g 

Third restoration time 2.5 mg/g 

Amount of nitrate nitrogen adsorbed by acid treated Ca charcoal 32 

Initial time 10.8 mg/g 

First restoration time 10.6 mg/ g 

Second restoration time 10.9 mg/g 

Third restoration time 1 0.7 mg/g 

[0098] 

It can be seen from tho above that the above described acid treated charcoal S and 
acid treated Ca charcoal 32 after use can be washed with a dense KC1 (or NaCl) solution, 
respectively, and furthermore, frwas-washed with water, and thereby, can be restored. That is to 
savThus. it was found that acid treated charcoal S and acid treated Ca charcoal (anion adsorbing 
carbon material) 32 which had adsorbed nitrate nitrogen (anions) in the nitrate nitrogen adsorbing 
test were respectively washed with a KC1 (or NaCl) solution, and furthermore, frwas-washed 
with water, and thereby, nitrate nitrogen (anions) which had been adsorbed in the nitrate nitrogen 
adsorbing test waswere removed and CI- was combined instead of the removed nitrate nitrogen 
(anions), and thus, acid treated charcoal S and acid treated Ca charcoal 32 (anion adsorbing 
charcoal material) were respectively restored. That is to say, it was confirmed that acid treated 
charcoal S and acid treated Ca charcoal 32 (anion adsorbing carbon material) a recan he 
respectively washed with a KC1 (or NaCl) solution and then washed with water after each use, 
and thereby, they can be used a number of times. Here, in the case where nitrite nitrogen is 
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adsorbed and acid treated charcoal S and acid treated Ca charcoal are respectively used as an 
anion adsorbing carbon material, the restoration principle is the same. 
[00994 

<Fluoride Ion Adsorbing Test> 
[Testing Method] 

50 ml (milliliter) of a solution of which the concentration of fluoride ions was 50 
mg/L (standard liquid) was prepared in separate containers, and five types of the following 
samples were put into the corresponding containers for each standard liquid, and the containers 
were shaken for ten hours under the-conditions of, for example, 200 rpm at 20°C, and after that, 
the concentration of fluoride ions in the above described solution were respectively measured and 
the amount of adsorption was calculated: 
[0100] 

(1) 100 mg of charcoal, which was gained by carbonizing ligneous chips 2 at 700°C 
(hereinafter simply referred to as charcoal) aftdwa& used as a comparative example, 
[0101] 

(2) 100 mg of iron chloride charcoal, which was gained by immersing charcoal 
which had been gained by carbonizing ligneous chips 2 at 700°C in 1 mol/L of an FeCh solution 
and after that washing the charcoal with water, ae dwas also used as a comparative example, 
[0102] 

(3) 1 00 mg of acid treated charcoal, which was gained by immersing charcoal which 
had been gained by carbonizing ligneous chips 2 at 700°C in 5 mol/L of an HC1 solution and 
after that washing the charcoal with water, 
[0103} 

(4) 100 mg of an anion adsorbing carbon material (acid treated Ca charcoal 32), 
which was gained by immersing charcoal which had been gained by immersing ligneous chips 2 
in 5 weight % of lime water, and after that, carbonizing the chips at 700°C in 5 mol/L of an HC1 
solution, and 
[0104] 

(5) 100 mg of an anion exchange resin, wh i ch w as used as a comparative example. 

[Resu l ts] 
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[0105] 

Fig. 6 shows thea comparison teof the fluoride ion adsorbing ability among the 
above described respective samples. 
[0106] 

The charcoal of (1) carbonized at 700°C barely adsorbed chloride ions, while the ion 
chloride charcoal of (2) adsorbed 7.50 mg/g of fluoride ions. In addition, acid treated charcoal S 
of (3) adsorbed 5.00 mg/g of fluoride ions. The anion exchange resin of (5) adsorbed 8.50 mg/g 
of fluoride ions. 
[0107] 

Meanwhile, acid treated Ca charcoal 32 of (4) which had been gained by immersing 
ligneous chips 2 in lime water, and after that, carbonizing the chips, and subsequently, immersing 
the chips in an HC1 solution adsorbed 19.00 mg/g of fluoride ions and-exhibited an^adsorption 
ability which greatly exceeded the anion exchange resin of (5). 
[0108] 

<Restoration Test> 
[Testing Method] 

Next, the samples of acid treated charcoal S and acid treated Ca charcoal 32 after 
the above described fluorine adsorbing test had been carried out, were washed with 1 mol/L of a 
hydrochloric acid (or sulfuric acid), and furthermore, tithe samp le was washed with water. 
Subsequently, foea standard liquid was exchanged and 50 ml (milliliter) of a solution of which 
the concentration of fluoride ions was 50 mg/L was prepared, and the first restoration test was 
carried out on the above described 200 mg of the samples which had been washed with water. 
That is to say, the above described samples were put into the above described solution and the 
containers were shaken for ten hours under the conditions of 200 rpm at 20°C , and after that ^ 
After shaking , the concentration of fluoride ions in the above described solution was measured 
and the amount of adsorption was calculated, and in this manner, thea first restoration test was 
carried out on the above described samples. Next, the above described samples which had been 
used in the first restoration test were washed with 1 mol/L of a hydrochloric acid (or sulfuric 
acid), and furthermore, it was washed with water. Subsequently, the standard solution was 
exchanged and 50 ml (milliliter) of a solution of which the concentration of fluoride ions was 50 
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mg/L was prepared as described above, and a restoration test was carried out on 200 mg of the 
above described samples which had been washed with water as described above. That is to say, 
the above described samples were put into the containers of 50 ml (milliliter) of the above 
described solution, and the containers were shaken for ten hours under the conditions of, for 
example, 200 rpm at 20°C, and after that, the concentration of fluoride ions in the above 
described solution was measured and the amount of adsorption was calculated, and in this 
manner, the second restoration test was carried out on the above described samples. This process 
was repeated two additional times. 

[0109] 

[Results] 

Amount of fluoride ions adsorbed by acid treated charcoal S was as follows: 

Initial time 2.5 mg/g 

First restoration time 2.5 mg/g 

Second restoration time 2.4 mg/g 

Third restoration time 2.5 mg/g 

Amount of fluoride ions adsorbed by acid treated Ca charcoal 32 

Initial time 18.7 mg/g 

First restoration time 1 8.2 mg/g 

Second restoration time 1 8.9 mg/g 

Third restoration time 1 8.6 mg/g 

[0110] 

It can be seen from the above tha t tho above descr i bed acid treated charcoal S and 
acid treated Ca charcoal 32 after use were respectively washed with a dense hydrochloric acid (or 
sulfuric acid), and furthermore, tt-was~washed with water, and thereby, were restored. That i s to 
Gay, it lt was found that th^acid treated charcoal S and Jh^acid treated Ca charcoal 32 (anion 
adsorbing carbon material) which had adsorbed fluoride ions (anions) in the fluorine adsorbing 
test wer ecould be respectively washed with a hydrochloric acid (or sulfuric acid), and 
furthermore, tt-was-washed with water, and thereby, the fluoride ions (anions) which had been 
adsorbed in the fluoride ion adsorbing test were removed and CI- (or SO4 2 -) was combined 
instead of the removed fluoride ions (anions), and thus, acid treated charcoal S and acid treated 
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Ca charcoal 32 (anion adsorbing carbon material) were restored, respectively. That i s to 
sa vThus. it was confirmed that acid treated charcoal S and acid treated Ca charcoal 32 (anion 
adsorbing carbon material) which are once used can be washed with a hydrochloric acid (or 
sulfuric acid), and furthermore, tt-was-washed with water, after each use, and thereby, can be used 
a number of times. 

mm 

Figs. 1 1 to 20 show tbea third embodiment of this invention. Fig. 1 1 schematically 
shows an example efeM facilities for manufacturing an anion adsorbing carbon material 
(hereinafter referred to as carbon material) 37 according to the third embodiment of this 
invention, and in this figure, 2 indicates a plant material which is ligneous chips in this 
embodiment. These ligneous chips 2 are gained by processing a conifer, such as Japanese 
cypress or cedar having high water absorbency and have an appropriate size of no greater than, 
for example, 50 mm. 
[01121 

In addition, the above described ligneous chips 2 are fed to a process tank 20 
(apparatus for contacting a material with a solution including a metal chloride) which contain a 
metal chloride solution (CaCb solution in this embodiment) M having an appropriate 
concentration, and within this process tank 20, a process for introducing a metal chloride (CaCh 
in this embodiment) is carried out on ligneous chips 2 so that chips into which a metal chloride 
has been introduced (an example of an intermediate body) 35 are formed. Here, 20a indicates 
mixing blades which are provided within process tank 20 and are driven by a motor (not shown) 
so as to rotate, and thus, are used when stirring a liquid or the like within process tank 20. Here, 
it is preferable to add a slight amount of Ca(OH)2 to the metal chloride solution in order to 
enhance the anion adsorbing ability. 
\QU2\ 

Chips 35 into which a metal chloride has been introduced and which have been 
gained as described above are dried using a drier 12, and after that, fed to a carbonization process 
furnace 1 (carbonization apparatus) where a carbonization process is carried out on the chips 
without activation. Here, the above described drier 12 is an example of a drying area for drying 
chips 35 into which a metal chloride has been introduced and which are an intermediate body for 
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gaining a carbon material 37, and is formed such that the heat discharged from carbonization 
process furnace 1 isganjig used for the above described drying. 
[0114] 

The main body la of the carbonization furnace which is heated by an appropriate 
heat source 21 is contained inside the above described carbonization process furnace 1. In 
addition, chips 35 into which a metal chloride has been introduced are supplied to the inside of 
the above described main body la of the carbonization furnace through an introduction portion 
lb, and are heated at an appropriate temperature (described below) and for an appropriate period 
of time (described below) so as to be carbonized and converted to a carbonized material, and this 
carbonized material is discharged to the outside of the main body la of the carbonization furnace 
through a discharging portion lc as carbon material 36, which is an example of an intermediate 
body. 

[01 1 5] 

After that, the above described carbon material 36 is fed to a process tank 22 
(apparatus for enhancing the anion adsorbing ability) which contains water or an HC1 solution 
(hydrochloric acid) H, and a process for contacting (immersing) carbon material 36 with (m)- 
water orji HC1 solution H is carried out within this process tank 22. Here, 23 indicates mixing 
blades which are provided within process tank 22, and are driven by a motor (not shown) so as to 
rotate, and thus, are used when stirring a liquid or the like within process tank 22. In some cases, 
a process for contacting a material with water is carried out after a process for contacting the 
material with an acid, or they may be carried out in the opposite order. 
[0116] 

Next, carbon material (an example of an intermediate body) 37 which has been 
immersed in water or HC1 solution H is fed to a drier 24 so as to be dried, and after that, are 
formed into grains (pellets) 7" having an appropriate diameter or further crushed into powder 8" 
which is finer than grains. Here, the above described drier 24 is an example of a drying area for 
drying carbon material 37 which is an intermediate body before being processed to pellets 7" or 
powder 8 n , and is formed so that the heat that is discharged from carbonization process furnace 1 
is used for the above described drying. 
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H o ro, Fig. 12(A) shows the-carbon material 37 which has been formed into chips 

having a length of approximately 10 mm and Fig. 12(B) shows an example of grains (pellets) 7" 
having an appropriate diameter which have been formed from the above described carbon 
material 37 in chip form. 

[0118] 

Next, an example of a procedure for aamm eproviding carbon material 37 from 
plant material 2 using the facilities shown in Fig. 1 1 is described in detail in reference to Figs. 1 1 
and 1 3 . First, ligneous chips 2 which have been gained by processing a conifer, such as Japanese 
cypress or cedar having high water absorbency and have a size of no greater than, for example, 
10 mm are prepared (Step SI). 
[0119} 

Next, the above described ligneous chips 2 are immersed in CaCb solution M which 
has been prepared so as to have 1 weight % to 20 weight % within process tank 20 for no less 
than, for example, three hours. It is preferable to rotate mixing blades 20a while these ligneous 
chips 2 are immersed. As a result, CaCh solution M soaks into ligneous chips 2, and thus, chips 
35 into which a metal chloride has been introduced, that is, ligneous chips 2 into which calcium 
ions and chloride ions have been introduced are gained (Step S2). 
[0120] 

In addition, the above described chips 35 into which a metal chloride has been 
introduced are fed to drier 12 so as to be dried (Step S3). 
[0121] 

After that, the above described ligneous chips 2 are supplied to main body la of the 
carbonization furnace in carbonation process furnace 1, and is heated for approximately one hour 
in a temperature range (700°C in this embodiment) from 400°C to 1000°C so that a carbonization 
process is carried out (Step S4). As a result, the base intermediate carbon material 37 is 
ga i nod produced . 
[01221 

The above described carbon material 37 is supplied to^ process tank 22 and is 
immersed and processed in HC1 solution H that has been prepared so as to have 0.01 mol/L to 1 1 
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mol/L (for example, 5 mol/L) within process tank 22 (Step S5). In this case, it is preferable to 
rotate mixing blades 23 , and thereby, extra crystal of the metal chloride (CaC12) which remains 
within carbon material 37 can be removed and at the same time chloride ions can further be 
added, and thus, desired carbon material 37 is gained. 
[01231 

In addition, carbon material 37 after the above described immersion process is dried 
in general using drier 24 (Step S6). In this case, carbon material 37 may be directly fed to drier 
24, or a neutralization process such as immersion in an appropriate alkaline solution may be 
carried out, and additionally, the carbon material may be washed with water after the 
neutralization process. Here, in the case where carbon material 37 is used in a moist state, it may 
not be dried. 

[0124] 

In addition, though carbon material 37 in chip form after drying as described above 
can be used as is, the material has been formed into grains (pellets) 7 M having an appropriate 
diameter or powder 8" which has finer particles using an appropriate processing machine in this 
embodiment (Step S7). In addition, it is possible to use the above described carbon material 37 
in a state where, for example, it is stuck to an unwoven cloth in addition to being used as is. 
[0125] 

Here, the above described carbon material 37 is not necessarily manufactured by 
carrying out all the above described Steps SI to S7 within the same factory. In the case where 
several steps from among the above described Steps SI to S7 have been carried out during the 
manufacture in another factory, or the like, carbon material 37 may be manufactured by starting 
from a step in the middle. 
[0126] 

Here, this invention is not limited to any of the above described embodiments, and 
can be implemented by modifying in various manners. BaCh, MnCh, and the like, for example, 
can be cited as the metal chloride, though CaCh, which aHew sis believed to provide the anion 
adsorbing carbon material having the highest performance to bo ga i ned , is used in the above 
described embodiments. 
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In addition, in the above described embodiments^ though a process for contacting 
carbon material 37 with HC1 solution H is carried out within process tank 22, water may be used 
instead of HC1 solution H. In this case, chloride ions are not added and extra ervsta lcrvstals of a 
metal chloride which romains remain within carbon material 37 is simply removed. 
[0128] 

Furthermore, in the above described embodiments, though carbon material 37 is fed to 
process tank 22 after it has been gained by carrying out a carbonization process on chips 35 into 
which a metal chloride has been introduced in th^carbonization process furnace 1, it is not 
necessary to feed the carbon material to process tank 22. In this case, it becomes unnecessary to 
feed the above described carbon material 37 to drier 24, and therefore, the above described Steps 
S5 and S6 aresan^hfi omitted from the manufacturing method forjthe carbon material 37. In 
addition, in this case the manufacturing method for carbon material 37 may be completed with 
Steps SI to S4, or Step S7 may be carried out afterwards. 

[0129] 

Next, a test that was carried ouLin order to check the performance of the above 
described carbon material 37 efin adsorbing nitrate nitrogen and nitrite nitrogen is described. A 
test method and test results of the performance of adsorbing nitrate nitrogen and nitrite nitrogen 
are described in the following. 
[0130] 

First, two sets of samples (1) to (7), each of which was 200 mg and of which the 
total number of samples in one set was 7 were prepared as shown in the following. That is to 
say, two sets of the following samples, of which the total number in one set was 7, were 
prepared: 

[0131] 

(1) charcoal which was gained by heating and carbonizing ligneous chips 2 for 1 hour at 

700°C, 
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[0132] 

(2) iron chloride charcoal which was gained by heating and carbonizing ligneous chips 2 
for 1 hour at 700°C, and after that immersing the chips in an FeCh solution of 1 mol/L and then 
washing the chips with water, 

[0133] 

(3) an anion exchange resin, 
[0134] 

(4) BaCb charcoal which was gained by immersing ligneous chips 2 in a BaCb solution 
of 10 weight %, and after that, heating and carbonizing the chips for one hour at 700°C, 

[0135] 

(5) HC1 processed BaCb charcoal which was gained by immersing ligneous chips 2 in a 
BaCb solution of 10 weight %, and after that, heating and carbonizing the chips for one hour at 
700°C, and furthermore, immersing and processing the chips in an HC1 solution of 5 mol/L, 

[0136] 

(6) CaCb charcoal which was gained by immersing ligneous chips 2 in a CaCb solution 
of 10 weight %, and after that, heating and carbonizing the chips for one hour at 700°C, and 

[0137 ] 

(7) HC1 processed CaCb charcoal which was gained by immersing ligneous chips 2 in a 
CaCb solution of 10 weight %, and after that, heating and carbonizing the chips for one hour at 
700°C, and furthermore, immersing and processing the chips in an HC1 solution of 5 mol/L. 
Here, samples (4) to (7) corresponded to the above described carbon material 37 and samples (1) 
to (3) were provided for comparison with carbon material 37. 

[0138] 

Then samples in one set were individually put into 50 mL of nitrate nitrogen 
solution (first standard liquid) of which the concentration of nitrate nitrogen was 50 mg/L (50 
ppm) and samples in the other set were individually put into 50 mL of nitrite nitrogen solution 
(second standard liquid) of which the concentration of nitrite nitrogen was 50 mg/L (50 ppm). 
After that, the containers of the solutions were shaken for ten hours under the conditions of 200 
rpm at 20°C, and then, the concentration of nitrate nitrogen in the first standard liquid and the 
concentration of nitrite nitrogen in the second standard liquid were respectively measured, and 
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the amount of nitrate nitrogen and nitrite nitrogen which were adsorbed by each sample was 
calculated. 

Fig. 1 8 shows thea comparison fesuti sresult in the nitrate nitrogen adsorbing ability 
and nitrite nitrogen adsorbing ability among the respective samples which were eaiRe dprodticed 
in the above described test. Here, thin fiauro Figure 18 shows the amount of nitrate nitrogen and 
nitrite nitrogen adsorbed by each sample is shown in pairs of bars in a graph, where the bars on 
the left show the amount of adsorbed nitrate nitrogen and the bars on the right show the amount 
of adsorbed nitrite nitrogen. It can be seen from the results shown in this graph that all the 
samples of the present invention have high nitrate nitrogen adsorbing ability and nitrite nitrogen 
adsorbing ability. Furthermore, the amount of adsorbed nitrate nitrogen and nitrite nitrogen is 
compared between BaCb charcoal of (4) and HC1 processed BaCb charcoal of (5) and the 
amount of adsorbed nitrate nitrogen and nitrite nitrogen is compared between CaCb charcoal of 
(6) and HC1 processed CaCb charcoal of (7), and thereby, it can be seen that it is better to carry 
out a process (HC1 process) for immersing carbon material 37 in an HC1 solution in order to 
enhance the nitrate nitrogen/nitrite nitrogen adsorbing ability of carbon material 37. However, 
carbon material 37 having a sufficiently high nitrate nitrogen/nitrite nitrogen adsorbing ability 
can still b e gained without carrying out an HC1 process, and in this case, carbon material 37 can 
be manufactured at a cost which is lower by the portion for carrying out a process for contacting 
the material with an HC1 solution. 
[0140] 

Here, the above described carbon material 37 adsorbs, for example, nitrate ions, and 
this is considered to be because, as shown in Fig. 17(A), when carbon material (CaCb charcoal) 
37 is immersed in a nitrate solution L, chloride ions which has been combined with functional 
groups on the surface of carbon material 37 directly or via calcium ions (see Fig. 17(B)) and 
nitrate ions in nitrate solution L are exchanged (see Fig. 17(C)) so that nitrate ions are adsorbed 
by carbon material 37 (see Fig. 17(D)). 
[0141] 

In addition, Fig. 17(E) shows a state of carbon material 37, which was initially i n a 
state shown in Fig. 17(D) adsorbing nitrate ions, after being immersed in a chloride solution 
having a high concentration (for example, a metal chloride solution of KC1 or NaCl, or HC1 
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solution H). That is to say, the nitrate ions which have been adsorbed by carbon material 37 are 
exchanged with chloride ions in chloride solution, and thereby, carbon material 37 is restored and 
becomes a state where it can adsorb anions such as nitrate ions. That is to say, carbon material 
37 of this invention is not always limited to those which are newly gained in accordance with the 
above described manufacturing method, but may be those which are gained (that is to say, 
restored) by removing the adsorbed anions (for example, nitrate ions) from carbon material 37 
which has been eamee lprodiiced in accordance with the above described manufacturing method 
and has adsorbed anions (nitrate ions) and combining anions (chloride ions in this embodiment) 
which can be ion exchanged with anions (for example, nitrate ions) of the next object of 
adsorption with the carbon material instead of the above described removed anion (nitrate ions). 
In addition, in the case where sulfuric acid is used instead of the above described chloride 
solution, nitrate ions are ion exchanged with sulfate ions instead of the above described chloride 
ions. 

[0142] 

Next, a test wh i ch was carried out in order to check how the concentration of metal 
chloride solution (CaC12 solution) M into which ligneous chips 2 are immersed in the above 
described Step S2 effects the anion absorbing ability of carbon material 37 after the manufacture 
is described. In the above described test, carbon material 37 which was gained by immersing 
ligneous chips 2 in CaCh solution M, and after that carbonizing the chips by heating for one hour 
at 700°C, and then, washing the chips with water, was put into 50 mL of nitrate nitrogen solution 
(standard liquid) of which the concentration of nitrate nitrogen was 50 mg/L (50 ppm), and thus, 
the nitrate nitrogen adsorbing ability of the above described carbon material 37 was checked, 
where CaCb solutions of which the concentrations were 1 weight %, 3 weight %, 5 weight %, 7 
weight %, 10 weight %, 12 weight %, 14 weight %, 17 weight % and 20 weight % were used as 
the above described CaCL solution M. Here, the amount of carbon material 37 which was added 
to each solution was 200 mg. In addition, for comparison, 200 mg of carbon material 37, which 
was gained by immersing ligneous chips 2 in 10 weight % of CaCh solution M, and after that, 
heating and carbonizing the chips for one hour at 700°C, and then carrying out an HC1 process, 
was used so that the nitrate nitrogen adsorbing ability thereof was checked. The results of the 
above described test are shown in Fig. 19. 
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[0143] 

As is clear from the results shown in Fig. 19, the anion adsorbing ability of carbon 
material 37 does not increase in proportion to the concentration of the CaCh solution, and it can 
be said that it is most preferable for the concentration to be approximately 10 weight % when 
taking cost and the like into consideration. In addition, it can be seen from the results shown in 
thfe-Fig. 19 that it is better to carry out an HC1 process on carbon material 37 in order to enhance 
the anion adsorbing ability of carbon material 37. 
[01441 

Next, thea restoration test, in which carbon material 37 that had been used to adsorb 
nitrate nitrogen was restored using a KC1 (or NaCl) solution and which was carried out to check 
the nitrate nitrogen adsorbing ability of the restored carbon material 37, is described. 
[01451 

First, 200 mg of CaCh charcoal, which had been gained by immersing ligneous 
chips 2 in a CaCb solution of 10 weight %, and after that, heating and carbonizing the chips for 
one hour at 70°C, was prepared as carbon material 37. Then, this CaCh charcoal was put in 50 
mL of a nitrate nitrogen solution (standard liquid) of which the concentration of nitrate nitrogen 
was 50 mg/L (50 ppm), and the container was shaken for ten hours under the conditions of 200 
rpm at 20°C, and after that, the concentration of the nitrate nitrogen in the above described 
standard liquid was measured and the amount of nitrate nitrogen adsorbed by the above described 
CaCh charcoal was calculated (initial time). 
[0146] 

Subsequently, the above described CaCh charcoal was washed with a KC1 (or 
NaCl) solution of 1 mol/L, and furthermore, it was washed with water and then restored. After 
that, the restored CaCb charcoal was put in a newly prepared standard liquid (that is to say, 50 
mL of a nitrate nitrogen solution of which the concentration of nitrate nitrogen was 50 mg/L), 
and the container was shaken for ten hours under the conditions of 200 rpm at 20°C, and after 
that, the concentration of nitrate nitrogen in the above described standard liquid was measured 
and the amount of nitrate nitrogen adsorbed by the above described CaCh charcoal was 
calculated. In addition, the process, starting from the restoration of this CaCh charcoal up to the 
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calculation of the amount of nitrate nitrogen adsorbed by the CaCb charcoal, was carried out 
three times in total (first restoration time to third time). 
[01471 

The results of the above described restoration test, that is to say, the amount of 
nitrate nitrogen adsorbed by the CaC12 charcoal, was as follows: 

Initial time 9.5 mg/g 

First restoration time 9.0 mg/g 

Second restoration time 9. 1 mg/g 

Third restoration time 8.8 mg/g 

[0148] 

It was confirmed from the above description that carbon material 37 (CaCb charcoal), 
which had been used to adsorb nitrate nitrogen, was restored when washed with a dense KC1 (or 
NaCl) solution, and furthermore, it was subsequently w ashed with water. This is considered to 
be because nitrate nitrogen was removed from the CaC12 charcoal when the CaC12 charcoal, 
which had adsorbed nitrate nitrogen, was washed with a KC1 (or NaCl) solution, and 
furthermore, it was washed with water, and CI- combined with the functional groups instead of 
t hist he removed nitrate nitrogen. In addition, it was confirmed from the results of the above 
described restoration test that carbon material 37 (CaCb charcoal) could be used a number of 
times to adsorb nitrate nitrogen in the case where the carbon material was restored by washing it 
with a KC1 (or NaCl) solution, and then washing it with water. Here, the restoring principle is 
the same in the case where the above described carbon material 37 (CaCb charcoal) is used to 
adsorb nitrite nitrogen. 

[0149] 

Next, HC1 processed CaCb charcoal, which had been gained by immersing ligneous 
chips 2 in a CaCb solution of 10 weight %, and after that, heating and carbonizing the chips for 
one hour at 702fift°C, and then, processing the chips through the immersion in an HC1 solution of 
5 mol/L, was used as carbon material 37, and the results of the restoration test, which was carried 
out in the same manner as described above on this HC1 processed CaCb charcoal, are shown as 
follows. 
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[0150] 

The results of the above described restoration test, that is to say, the amount of 
nitrate nitrogen adsorbed by the HC1 processed CaCh charcoal, was as follows: 

Initial time 1 1 .0 mg/g 

First restoration time 11.0 mg/g 

Second restoration time 10.8 mg/g 

Third restoration time 10.8 mg/g 

It was confirmed from the above description that carbon material 37 (HC1 processed CaCb 
charcoal), which was gained by processing the chips after carbonization through immersion in an 
HC1 solution, was also restored by washing it with a dense KC1 (or NaCl) solution, and 
furthermore, washing it with water after it was used to adsorb nitrate nitrogen. In addition, it was 
confirmed that the nitrate nitrogen adsorbing ability of the HC1 processed CaCb charcoal, which 
increased by processing the charcoal through immersion in an HC1 solution, was maintained 
(kept increasing) even when the HC1 processed CaC12 charcoal was repeatedly restored by 
washing it with a KC1 (or NaCl) solution, and then washing it with water. 
[0151] 

Next, the test which was carried out in order to check the fluoride ion adsorbing 
ability of the above described carbon material 37 is described. First, in order to carry out this 
test, one set of samples (1) to (7), which were the same as those used in the above described test 
of nitrate nitrogen and nitrite nitrogen adsorption ability, and of which the total number of 
samples was 7 with each having 50 mg, was prepared. Then, these samples were individually put 
into 50 mL of a solution (standard liquid) of which the concentration of fluoride ions was 50 
mg/L (50 ppm), and the containers were shaken for ten hours under the conditions of 200 rpm at 
20°C, and after that, each concentration of fluoride ions in the standard liquid was measured, and 
the amount of fluoride ions adsorbed by each sample was calculated. 
[0152] 

Fig. 20 shows the results of ^comparison mgf the fluoride ion adsorbing ability 
among the respective samples which were gained in the above described test. It can be seen from 
the results shown in this fiaw eFig. 20 that the samples of the present invention all had a high 
fluoride ion adsorbing ability. Furthermore, the amount of fluoride ions adsorbed by the BaCh 
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charcoal of (4) and the amount of fluoride ions adsorbed by the HC1 processed BaCb charcoal of 

(5) are compared, and in addition, the amount of fluoride ions adsorbed by the CaCb charcoal of 

(6) and the amount of fluoride ions adsorbed by the HC1 processed CaCb charcoal of (7) are 
compared, and thereby, it can be seen that it is better to carry out a process (HC1 process) of 
immersing carbon material 37 in an HC1 solution in order to enhance the fluoride ion adsorbing 
ability of carbon material 37. However, carbon material 37, having a sufficiently high fluoride 
ion adsorbing ability, can be gained without carrying out an HC1 process, and in this case, carbon 
material 37 can be manufactured at a cost that is lower by the portion for carrying out a process 
for contacting the carbon material with an HC1 solution. 

[0153] 

Next, thea restoration test, in which carbon material 37 that had been used to adsorb 
fluoride ions was restored using a hydrochloric acid (or sulfuric acid) and which was carried out 
to check the fluoride ion adsorbing ability of the restored carbon material 37, is described. 
[0154] 

First, 200 mg of CaCb charcoal, which had been gained by immersing ligneous 
chips 2 in a CaCb solution of 10 weight %, and after that, heating and carbonizing the chips for 
one hour at 7 Q700 °C. was prepared as carbon material 37. Then, this CaCb charcoal was put in 
50 mL of a solution (standard liquid) of which the concentration of fluoride ions was 50 mg/L 
(50 ppm), and the container was shaken for ten hours under the conditions of 200 rpm at 20°C 3 
and after that, the concentration of the fluoride ions in the above described standard liquid was 
measured and the amount of fluoride ions adsorbed by the above described CaCb charcoal was 
calculated (initial time). 

mm 

Subsequently, the above described CaCb charcoal was washed with a hydrochloric 
acid (or sulfuric acid) of 1 mol/L, and furthermore, it was washed with water and then restored. 
After that, the restored CaCb charcoal was put in a newly prepared standard liquid (that is to say, 
50 mL of a solution of which the concentration of fluoride ions was 50 mg/L), and the container 
was shaken for ten hours under the conditions of 200 rpm at 20°C, and after that, the 
concentration of fluoride ions in the above described standard liquid was measured and the 
amount of fluoride ions adsorbed by the above described CaCb charcoal was calculated. In 
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addition, the process, starting from the restoration of this CaCb charcoal up to the calculation of 
the amount of fluoride ions adsorbed by the CaCb charcoal, was carried out three times in total 
(first restoration time to third time). 
[0156] 

The results of the above described restoration test, that is to say, the amount of 
fluoride ions adsorbed by the CaCb charcoal, was as follows: 

Initial time 22.5 mg/g 

First restoration time 22.4 mg/g 

Second restoration time 21.7 mg/g 

Third restoration time 21.9 mg/g 

It was confirmed from the above description that carbon material 37 (CaCb charcoal), which had 
been used to adsorb fluoride ions, was restored when washed with a dense hydrochloric acid (or 
sulfuric acid), and furthermore, it was washed with water. This is considered to be because 
fluoride ions were removed from the CaCb charcoal when the CaCb charcoal, which had 
adsorbed the fluoride ions, was washed with a hydrochloric acid (or sulfuric acid), and 
furthermore, it was washed with water, and CI- (or SO4 2 -) combined with the functional groups 
instead of these removed fluoride ions. In addition, it was confirmed from the results of the 
above described restoration test that carbon material 37 (CaCb charcoal) could be used a number 
of times to adsorb fluoride ions in the case where the carbon material was restored by washing it 
with a hydrochloric acid (or sulfuric acid), and then washing it with water. 
[0157] 

Next, HC1 processed CaCb charcoal, which had been gained by immersing ligneous 
chips 2 in a CaCb solution of 10 weight %, and after that, heating and carbonizing the chips for 
one hour at 7 Q700 °C. and then, processing the chips through the immersion in an HC1 solution of 
5 mol/L, was used as carbon material 37, and the results of the restoration test, which was carried 
out in the same manner as described above on this HC1 processed CaCb charcoal, are shown as 
follows. 

[0158] 

The results of the above described restoration test, that is to say, the amount of 
fluoride ions adsorbed by the HC1 processed CaCb charcoal, was as follows: 
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Initial time 32.0 mg/g 

First restoration time 3 L 5 mg/g 

Second restoration time 31.4 mg/g 

Third restoration time 31.2 mg/g 

It was confirmed from the above description that carbon material 37 (HC1 processed CaCh 
charcoal), which was gained by processing the chips after carbonization through immersion in an 
HC1 solution, was also restored by washing it with a dense hydrochloric acid (or sulfuric acid) 
solution, and furthermore, washing it with water after it was used to adsorb fluoride ions. In 
addition, it was confirmed that the fluoride ion adsorbing ability of the HC1 processed CaCh 
charcoal, which increased by processing the charcoal through immersion in an HC1 solution, was 
maintained (kept increasing) even when the HC1 processed CaCb charcoal was repeatedly 
restored by washing it with a hydrochloric acid (or sulfuric acid), and then washing it with water. 
[0159] 

An anion adsorbing carbon material according to this invention adsorbs anions such 
as nitrate nitrogen, nitrite nitrogen and fluorine, and therefore, can be mainly used in the 
applications, for example, as follows: 
[0160] 

(1) Purifier for Processing Sewage and Groundwater 

Currently, most of the nitrate nitrogen components such as nitrite ions and nitrate 
ions as well as fluoride ions which exist in processed sewage water and groundwater are 
discharged without being treated. An anion adsorbing carbon material of this invention can be 
used as an inexpensive and effective purifier for processing sewage and groundwater. In a 
sewage treatment plant or a groundwater purifying plant, a purifier for processing sewage having 
an appropriate size, for example, is floated in the sewage or is contained in a cage having an 
appropriate mesh size or a mesh bag so as to be installed in a state of making sufficient contact 
with the water to be treated, and thereby, anions such as nitrite ions, nitrate ions and fluoride ions 
that are included in the water to be treated are adsorbed without fail. In addition, in the case 
where the purifier is in powder form, this may be stuck or embedded t o an unwoven cloth. 
[0161] 

(2) Purifier for Treating Discharged Wastewater 
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Currently, there are only a few inexpensive materials which adsorb anions such as 
nitrite ions and nitrate ions that are included in wastewater from chemical factories, oil purifying 
factories, steel and steel material manufacturing factories, paper manufacturing factories, 
semiconductor factories, industrial waste storage facilities, spinning factories in the fiber 
manufacturing industry and food processing factories, as well as fluoride ions that are included in 
wastewater from factories, residential wastewater of homes, combined treatment septic tanks and 
communities, and wastewater from the glass, plating, metal scouring, metal surface processing, 
and ceramics industries, electronic industries including semiconductors, chemical industries and 
the like. An anion adsorbing carbon material of this invention can be used as an inexpensive and 
effective purifier for processing discharged wastewater. 
[0162] 

In a discharge wastewater path or within a tank for processing discharged 
wastewater from the residential wastewater of each home, a combined treatment septic tank, a 
community, or in a discharge wastewater path and within a tank for processing discharged 
wastewater where wastewater from livestock farms and various types of factories floats, a 
purifier for processing sewage having an appropriate size, for example, is floated in the 
discharged wastewater or is contained in a cage having an appropriate mesh size or a mesh bag 
so as to be installed in a state of making sufficient contact with the water to be treated, and 
thereby, anions such as nitrite ions, nitrate ions and fluoride ions that are included in the water to 
be treated are adsorbed without fail. In addition, in the case where the purifier is in powder form, 
this may be stuck to an unwoven cloth. 
[0163] 

(3) Purifier for Tap Water 

In recent years and in many regions, a severe groundwater contamination of nitrite 
ions and nitrate ions, which has been caused by discharged wastewater as described in (2) and a 
large amount of fertilizers used in tea fields, turfs for golfing and the like, as well as a large 
amount of excrement from livestock on farm grounds, has been observed, and thus, it has 
become necessary to remove nitrate nitrogen components from the collected water when the 
water is used as a water source for tap water, including water from rivers. An anion adsorbing 
carbon material of this invention can be used as an inexpensive and effective purifier for tap 
water. 
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In a facility for purifying tap water from a reservoir, within a facility for collecting 
river water and groundwater or within a home water purifier, a purifier for processing tap water 
having an appropriate size, for example, is floated in the tap water or is contained in a cage 
having an appropriate mesh size or a mesh bag so as to be installed in a state of making sufficient 
contact with the water to be treated, and thereby, anions such as nitrite ions, nitrate ions and 
fluoride ions that are included in the water to be treated are adsorbed without fail. In addition, in 
the case where the purifier is in powder form, this may be stuck to an unwoven cloth. 
[0165] 

(4) Purifier for Farmlands 

In many regions, a severe underground contamination of nitrite ions and nitrate ions, 
which has been caused by a large amount of fertilizers used in tea fields or a large amount of 
excrements from livestock on farms, has been observed. An anion adsorbing carbon material of 
this invention can be used as an inexpensive and effective purifier for farmlands. 
[0166] 

A purifier for farmlands having an appropriate size for example, is mixed with the 
soil of farmlands or buried deep into the soil of farmlands, and thereby, nitrite ions and nitrate 
ions which originate from excessive fertilizers or excrements from livestock can be adsorbed, 
and thus, the amount of nitrite ions and nitrate ions which flow into underground water can be 
reduced. Furthermore, this purifier for farmlands is effective as a material for physically 
improving the soil, and in addition, the adsorbed nitrite ions and nitrate ions can be used by 
plants, and therefore, this purifier for farmlands functions as a fertilizer having gradual effects. 
Accordingly, the anion adsorbing carbon material of this invention, which has adsorbed nitrite 
ions and nitrate ions, can be used as a soil improving fertilizer. 
[0167] 

(5) Purifier for Tank Water and Culture Ponds 

In the tank water of a tank for breeding creatures (for example, a tank in an 
aquarium and a tank for a business or a home) where aquatic creatures and amphibians are bred 
as well as in a culture pond for fish or shrimps, excrements from the creatures and uneaten food 
generate ammonia, which is then oxidized so as to be converted to nitrite ions or nitrate ions, and 
when the concentration of these is high, poisoning symptoms may appear in the creatures that are 
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being bred, though the toxicity thereof is gradually reduced. An anion adsorbing carbon material 
of this invention can be used as an inexpensive and effective purifier for tank water. 
[01681 

Within a water tank or a culture pond or within a purifier for the water in a water 
tank or a culture pond, a purifier for tank water and culture ponds having an appropriate size, for 
example, is floated in the water to be treated or is contained in a cage having an appropriate mesh 
size or a mesh bag so as to be installed in a state of making sufficient contact with the water to be 
treated, and thereby, anions such as nitrite ions, nitrate ions and fluoride ions that are included in 
the water to be treated are adsorbed without fail. In addition, in the case where the purifier is in 
powder form, this may be stuck to an unwoven cloth. 
[0169] 

Industrial Applicability 

An anion adsorbing carbon material according to the present invention adsorbs 
nitrate nitrogen and nitrite nitrogen, and therefore, can be applied to purification of water, 
prevention of contamination caused by the livestock industry, and prevention of contamination 
caused by excessive fertilizing in agriculture. In addition, an anion adsorbing carbon material 
according to the present invention adsorbs fluorine, and therefore, can be applied in final 
treatment installations in semiconductor factories, glass factories, plating factories and the like, 
where cleaning is carried out using hydrofluoric acid. 

[0170] 

Those skilled in the art will appreciate that various adaptations and modifications 
of the just-described preferred embodiment can be configured without departing from the 
scope and spirit of the inventio n. Therefore, it is to he understood that, within the scope of 
the amended claims, the invention may be practiced other than as specifically described 
herein. 
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